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Lake LBJ General Information 
 

With recurring drought and devastating flooding, early-day residents of Central 

Texas recognized the value of building dams on the Colorado River.  Through the passage 

of the LCRA Act by the Texas Legislature in 1934, the Lower Colorado River Authority 

(LCRA) was established as a “conservation and reclamation district” responsible for 

harnessing the Colorado River and its tributaries and making them productive for the 

people within its water service area.  By 1951, the Lower Colorado River Authority had 

completed six dams on the Colorado River.  The string of lakes is known as the Highland 

Lakes, and includes (from upstream to downstream) Lake Buchanan, Inks Lake, Lake 

Lyndon Baines Johnson (LBJ), Lake Marble Falls, Lake Travis, and Lake Austin.  All 

these lakes are owned and operated by the LCRA with the exception of Lake Austin, 

which is owned by the City of Austin but operated by the Lower Colorado River 

Authority.1   The Lower Colorado River Authority’s service area originally consisted of 

the ten counties that comprise the watershed of the lower Colorado River: Blanco, Burnet, 

Fayette, Colorado, Llano, Travis, Bastrop, Wharton, San Saba, and Matagorda.  Several 

amendments to the LCRA Act expanded the service area to its current extent (Figure 1). 

 
Figure 1. Lower Colorado River Authority Water Service Areas as of January 1, 2003. 

 
 

Source: Lower Colorado River Authority Water Management Plan 20032. 
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Figure 3.  Spatial extent of data used in creating the Lake LBJ TIN model 

 

At the request of the Lower Colorado River Authority, surface areas and capacities 

were calculated to elevation 845 feet (NAVD 88), or 19.32 feet above conservation pool 

elevation. For use in describing the topography around Lake LBJ up to elevation 845 feet 

(NAVD 88), the LCRA provided high-resolution LiDAR data collected on January 2, 

2007 when the water surface elevation for Lake LBJ was approximately 825.56 feet 

(NAVD 88).  The model boundary at elevation 845 feet was developed from a 

combination of the 860.68-foot contour (NAVD 88) from the digital hypsography 

(1:24,000 scale)9 and the LCRA-provided LiDAR data. For modeling purposes only, the 
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860.68-foot contour was closed across the tops of both Inks Dam and Wirtz Dam, and 

therefore does not reflect the true elevations near the either dam crest. Figure 3 shows the 

860.68-foot contour in the vicinity of Lake LBJ. 

 

Triangulated Irregular Network (TIN) Model 
 

Upon completion of data collection, the raw data files collected by TWDB were 

edited using HydroEdit and DepthPic to remove any data anomalies.  HydroEdit is used to 

automate the editing of the 200 kHz frequency and determine the current bathymetric 

surface.  DepthPic is used to display, interpret, and edit the multi-frequency data and to 

manually interpret the pre-impoundment surface.  The water surface elevations at the 

times of each sounding are used to convert sounding depths to corresponding bathymetric 

elevations.  For processing outside of DepthPic, the sounding coordinates (X,Y,Z) were 

exported as a MASS points file. A similar MASS points file was created from the LCRA-

provided LiDAR data, although only data outside of the 825.68-foot Lake LBJ boundary 

were used (See Figure 3). TWDB also created additional MASS points files of 

interpolated and extrapolated data based on the sounding data. Using the “Self-Similar 

Interpolation” technique (described in a later section), TWDB interpolated bathymetric 

elevation data located in-between surveyed cross sections. To better represent reservoir 

bathymetry in shallow regions, TWDB used the “Line Extrapolation” technique 

(described in a later section). The point files resulting from both the data interpolation and 

extrapolation were exported as MASS points files, and were used in conjunction with the 

sounding, LiDAR, and boundary files in creating a Triangulated Irregular Network (TIN) 

model with the 3D Analyst Extension of ArcGIS.  The 3D Analyst algorithms use 

Delaunay’s criteria for triangulation to place a triangle between three non-uniformly 

spaced points, including boundary vertices.11     

Using Arc/Info software, volumes and areas were calculated from the TIN model 

for the entire reservoir at one-tenth of a foot intervals, from elevation 751.0 feet to 

elevation 845.0 feet (NAVD 88).  The Elevation-Capacity Table and Elevation-Area 

Table, updated for 2007, are presented in Appendix A and B, respectively.  The Area-

Capacity Curves are presented in Appendix C.  The TIN model was interpolated and 

averaged using a cell size of 1 foot by 1 foot and converted to a raster.  The raster was 

used to produce an Elevation Relief Map (Figure 4) representing the topography of the 
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reservoir bottom up to conservation pool elevation (CPE), a map showing shaded depth 

ranges for Lake LBJ (Figure 5), and a 10-foot contour map (Figure 6 - attached).  

 
Self-Similar Interpolation 
 

A limitation of the Delaunay method for triangulation when creating TIN models 

results in artificially-curved contour lines extending into the reservoir where the reservoir 

walls are steep.  These curved contours are likely a poor representation of the true 

reservoir bathymetry in these areas.  Also, if the surveyed cross sections are not 

perpendicular to the centerline of the submerged river channel (the location of which is 

often unknown until after the survey), then the TIN model is not likely to represent the 

true channel bathymetry very well. 

To ameliorate these problems, a Self-Similar Interpolation routine (developed by 

TWDB) was used to interpolate the bathymetry between survey lines. The Self-Similar 

Interpolation technique effectively increases the density of points input into the TIN 

model, and directs the TIN interpolation to better represent the reservoir topography.12 In 

the case of Lake LBJ, the application of Self-Similar Interpolation helped represent the 

lake morphology near the banks and improved the representation of the submerged river 

channel (Figure 7). In areas where obvious geomorphic features indicate a high-

probability of cross-section shape changes (e.g. incoming tributaries, significant 

widening/narrowing of channel, etc.), the assumptions used in applying the Self-Similar 

Interpolation technique are not likely to be valid; therefore, self-similar interpolation was 

not used in areas of Lake LBJ where a high probability of change between cross-sections 

exists.12 Figure 7 illustrates typical results of the application of the Self-Similar 

Interpolation routine in Lake LBJ, and the bathymetry shown in Figure 7C was used in 

computing reservoir capacity and area tables (Appendix A, B). 
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Figure 7. Application of the Self-Similar Interpolation technique to Lake LBJ sounding 
data – A) bathymetric contours without interpolated points, B) Sounding points (black) 
and interpolated points (red) with reservoir boundary shown at elevation 825.68 feet 
(black), C) bathymetric contours with the interpolated points. Note: In 7A the contours 
near the boundary bow out into the reservoir and the river channel is not continuous. This 
is an artifact of the TIN generation routine, rather than an accurate representation of the 
physical bathymetric surface. Inclusion of the interpolated points (7C) corrects this and 
smoothes the bathymetric contours.  
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Line Extrapolation 
 

In order to estimate the bathymetry in inaccessible portions of Lake LBJ, TWDB 

applied a line extrapolation technique12 similar to the Self-Similar interpolation technique 

discussed above. The line extrapolation method is often used by TWDB in extrapolating 

bathymetries in shallow coves near the upstream ends of reservoirs, where the water is 

often too shallow to allow boat passage. The method assumes that cross-sections within 

the “extrapolation area” have a “V-shaped” profile, with the deepest section located along 

a line drawn along the longitudinal axis of the area. Elevations along this “longitudinal 

line” are interpolated linearly based on the distance along the line from the line’s start 

(nearest the reservoir interior) to the line’s end (where the line crosses the reservoir 

boundary). The elevations at points along each extrapolated cross-section are linearly 

interpolated from an elevation on the longitudinal line (at the intersection with the cross-

section) and the elevation at the extrapolation area boundary. The line extrapolation 

method requires that the user specify the position of the longitudinal line and the elevation 

at the beginning of the longitudinal line. This elevation is usually assumed equivalent to 

the elevation of the TIN model near the beginning of the longitudinal line. As shown in 

Figure 8, the line extrapolation method for Lake LBJ was implemented using the 825.68-

foot contour (derived from the 2004 DOQQs) as the boundary of the extrapolation areas. 
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Figure 8 - Application of the Line Extrapolation technique to Lake LBJ sounding data – 
A) bathymetric contours without extrapolated points, B) Sounding points (black) and 
extrapolated points (red) with the “longitudinal lines” (blue), reservoir boundary shown 
at elevation 825.68 feet (black), C) bathymetric contours with the extrapolated points. 
Note: In 8A the bathymetric contours do not extend into the un-surveyed area and “flat” 
triangles are formed connecting the nodes of the reservoir boundary. This is an artifact of 
the TIN generation routine when data points are absent from portions of the reservoir. 
Inclusion of the extrapolated points (8C) corrects this and smoothes the bathymetric 
contours.  
 
 The assumption inherent in the line extrapolation method is that a V-shaped cross 

section is a reasonable approximation of the actual unknown cross-section within the 

extrapolated area. As of yet, TWDB has been unable to test this assumption, and therefore 

can only assume that the results of the usage of the line extrapolation method are “more 

accurate” than those derived without line extrapolation. For the purpose of estimating the 

volume of water within Lake LBJ, the line extrapolation method is justified in that it 

produces a reasonable representation of reservoir bathymetry in the shallow areas 
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accessible by TWDB survey vessels. The use of a V-shaped extrapolated cross-section 

likely provides a conservative estimate of the water volume in un-surveyed areas, as most 

surveyed cross-sections within Lake LBJ have shapes more similar to U-profiles than to 

V-profiles. The V-profiles are thus conservative in that a greater volume of water is 

implied by a U-profile than a V-profile. Further information on the line extrapolation 

method is provided in the HydroEdit User’s Manual.12 
 

Survey Results 
 

Volumetric Survey 
 

The results of the TWDB 2007 Volumetric Survey indicate Lake LBJ has a 

total reservoir capacity of 133,090 acre-feet and encompasses 6,273 acres at 

conservation pool elevation (825.68 feet NAVD 88).  Per data provided by LCRA13,14, 

the capacity of Lake LBJ in 1951 was estimated at 138,460 acre-feet and in 1995 at 

134,353 acre-feet. After applying the self-similar and line extrapolation techniques to the 

LCRA-collected survey data from 1995 and using 1995 aerial photos to define the lake 

boundary, TWDB revised the 1995 capacity estimate to 135,421 acre-feet. Table 2 

provides a summary of these results. 
 

Table 2 – Comparisons of Historical CPE Volumes of Lake LBJ 

  
Time Interval 

(years) 
Capacity Loss 

(acre-ft) 
Loss Rate 

(acre-ft/year) 

Year 
Capacity  
(acre-ft) Total* Recent* Total* Recent* Total* Recent* 

1951 138,460 -- -- -- -- -- -- 
1995 Revised 135,421 45 -- 3,309 -- 67.5 -- 
2007 133,090 57 13 5,370 2,331 94.2 179.3 
* Total refers to changes from 1951 to the time of interest, Recent refers to changes from 1995 
to 2007. 

 
Analysis of the data presented in Table 2 suggests that the rate of capacity loss 

(due to sediment accumulation) has nearly tripled during the period from 1995 to 2007 

when compared with the period from 1951 to 1995. This increase in sediment 

accumulation rates may be attributed to increased development within the Lake LBJ 

watershed, although verification of this hypothesis was not attempted within the scope of 

this project. Alternative explanations for the increase are that the lake capacities calculated 

in 1951, 1995, and/or 2007 include significant error, thus making comparisons unreliable. 
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Sedimentation Survey 
 

The 200 kHz, 50 kHz, and 24 kHz frequency data were used to interpret the 

distribution and accumulation of sediment throughout Lake LBJ.  Figure 9 shows the 

thickness of sediment throughout the reservoir.  To assist in the interpretation of post-

impoundment sediment accumulation, ancillary data was collected in the form of seven 

core samples. Sediment cores were collected between July 9th, 2007 and August 1st, 2007 

by Professor John Dunbar of Baylor University (under contract with TWDB). Cores were 

collected using a Specialty Devices, Inc. VibraCore system and their content was analyzed 

by Baylor University staff.    

The results of the TWDB 2007 Sedimentation Survey indicate Lake LBJ has 

accumulated 5,654 acre-feet of sediment since impoundment began in 1951. Based on 

this measured sediment volume and assuming a constant sediment accumulation rate, 

Lake LBJ loses approximately 100 acre-feet of capacity per year.  This estimated loss rate 

is consistent with that calculated from volume comparisons between the 2007 survey and 

1951 capacity estimate (Table 2). The thickest sediment deposits are in the submerged river 

channel throughout the main lake body, and sediment was not present in the Llano River arm, 

Colorado River arm, or Sandy Creek arms of Lake LBJ. This sediment distribution suggests 

incoming sediment quickly travels downstream within Lake LBJ, where it settles to the 

bottom, upstream of Wirtz Dam.  The maximum sediment thickness observed in Lake LBJ 

was 7.1 feet.  A complete description of the sediment measurement methodology and 

sample results is presented in Appendix D.   

The TWDB considers the 2007 survey to be significantly more accurate than 

previous surveys and recommends that a similar methodology be used to resurvey Lake 

LBJ in approximately 10 years, or after a major flood event. Results from such a survey 

would allow the sediment accumulation rate for Lake LBJ to be quantified with greater 

accuracy. Additional point estimates of sediment accumulation rates may also be obtained 

through assessment of the Cesium-137 content within sediment cores.15 
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TWDB Contact Information 
 

 More information about the Hydrographic Survey Program can be found at:  

 

http://www.twdb.state.tx.us/assistance/lakesurveys/volumetricindex.asp 

 

Any questions regarding the TWDB Hydrographic Survey Program may be addressed to: 

 

Barney Austin, Ph.D., P.E. 
Director of the Surface Water Resources Division 
Phone: (512) 463-8856 
Email: Barney.Austin@twdb.state.tx.us 
 
Or 
 
Jason Kemp 
Team Leader, TWDB Hydrographic Survey Program 
Phone: (512) 463-2465 
Email: Jason.Kemp@twdb.state.tx.us 
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